Objective: To evaluate the utilization profile of antiepileptic drugs in a population of adult patients with refractory epilepsy attending a tertiary center. Method: Descriptive analyses of data were obtained from the medical records of 112 patients. Other clinical and demographic characteristics were also registered. Results: Polytherapies with ≥3 antiepileptic drugs were prescribed to 60.7% of patients. Of the old agents, carbamazepine and clobazam were the most commonly prescribed (72.3% and 58.9% of the patients, respectively). Among the new agents, lamotrigine was the most commonly prescribed (36.6% of the patients). At least one old agent was identified in 103 out of the 104 polytherapies, while at least one new agent was prescribed to 70.5% of the population. The most prevalent combination was carbamazepine + clobazam + lamotrigine. The mean AED load found was 3.3 (range 0.4-7.7). Conclusion: The pattern of use of individual drugs, although consistent with current treatment guidelines, is strongly influenced by the public health system. Keywords: epilepsy, refractory epilepsy, antiepileptic drugs, polytherapy, drug utilization.
Approximately one-third of the patients with epilepsy have recurrent seizures in spite of adequate pharmacological treatment and good compliance, characterizing what is known as refractory epilepsy 1 . The lack of control over seizure recurrence has a major impact not only on the patients' clinical and psychosocial status but also on economic consequences that could potentially overload the health care system due to avoidable expenses with regard to medications, hospitalizations, and examinations 2 .
An important portion of the high costs related to the treatment of refractory epilepsy is devoted to the purchase of second-generation antiepileptic drugs (AED), which are more expensive than first-generation agents. It has a special relevance in countries such as Brazil, where the public health care system provides full and free access to the new AED lamotrigine (LTG), vigabatrin (VGB), gabapentin (GBP), and topiramate (TPM) to patients with refractory epilepsy 3 . Although scarce in Brazil compared to European countries and the United States 4 , pharmacoepidemiological studies are valuable tools that contribute to the evaluation of effectiveness and rationality of AED prescriptions and associations 5, 6 , which directly reflects on public health policies.
The purpose of the present study was to evaluate the utilization profile of AED in a population of adult patients with refractory epilepsy, attending a tertiary referral center in Brazil. Factors influencing the prescription profiles as well as clinical and demographic peculiarities are also discussed.
METhOD
Medical records from 112 outpatients in regular treatment at the Hospital das Clínicas da Faculdade de Medicina de Ribeirão Preto (HCFMRP), Brazil, were evaluated and included in a database created using Microsoft Excel for the specific purpose of this cross-sectional survey. Patient selection was based on convenience sampling, and the inclusion criteria were age ≥8 years and established diagnosis of refractory epilepsy, defined as persistence of seizures after ade quately applied treatment(s) with one or more appropriate AED at maximally tolerated doses, excluding treatments whereby titration to usually effective dosages was prevented by the onset of idiosyncratic reactions 7 . Age, gender, age at onset of seizures, antiepileptic therapy details, pharmacoresistance grading, con comitant non-AED medications, types of seizure, and epilepsy according to the International League Against Epilepsy (ILAE) classification 8, 9 , and spontaneous reports of adverse effects were registered. Evaluation of AED dosages was performed by calculating the ratio of the prescribed daily dose (PDD) over the defined daily dose (DDD) (PDD/DDD) 10 . DDD is a unit of measurement commonly applied in drug utilization researches and is defined as the assumed average maintenance dose per day of a drug used on its main indication in adults 11 . Data analyses initially consisted of descriptive statistics for demographics, clinical, and drug utilization profiles. Inferential statistics was used to evaluate potential differences in AED load based on the occurrence of adverse effects. Twotailed unpaired Student's t-test and Chi-square test were used, as pertinent. The correlation between the number of AED and the drug load was assessed by Spearman's correlation test. The software used for statistics was the GraphPad InStat, and the level of significance adopted was p≤0.05. The present study was approved by the Comitê de Ética em Pesquisa of HCFMRP, Brazil.
RESULTS

Population characteristics
One hundred and twelve patients were enrolled from May 2010 to August 2010 at the refractory epilepsy clinic of HCFMRP. This sample size represents approximately 13% of all adult patients attending the referred center. Demographic details and epilepsy-related characteristics are expressed in Table 1 .
The mean age and standard deviation (SD) for the entire sample (n=112) were 38.8±11.8 years; the mean age was 38.5 years for men (range 19-64 years) and 39.1 years for women (range 18-69 years). The majority of patients were diagnosed with localization-related epilepsy (108/112). Among the symptomatic cases, the most frequent etiology by far was hippocampal sclerosis (57.8% of all the symptomatic cases), followed by malformations of cortical development such as dysplasia, neuronal heterotopia, and polymicrogyria (13.2% of the patients with symptomatic localization-related epilepsy). Excluding the 16 seizure-free patients, complex partial seizure was the most common seizure type reported (56/96), which is in accordance with the high prevalence of hippocampal sclerosis observed, an etiology known to have partial seizures as its main ictal manifestation 12 . Both, daily and monthly seizures were reported by 25.9% of the patients.
Most patients (52.7%) had failed to respond to maximally tolerated doses of three or more AED used sequentially or, more often, in combination, being eventually classified within grade 3 of pharmacoresistance 7 , as seen in Figure 1 . frequency of prescription of individual AED in monotherapy or polytherapies, based on patient gender. The most prevalent combination in use was CBZ + CLB + LTG (18 patients).
With respect to the AED prescription patterns regarding specific epileptic syndromes, we found that CBZ was the drug most frequently prescribed to localization-related epilepsies (used by 73.1% of the patients with this diagnosis), followed by CLB (58.3%) and LTG (37%). Only four patients were diag nosed with generalized or undetermined epilepsy, and, among these, the only monotherapy prescribed was VPA.
The dosages were calculated as described under the methods section and the results are displayed in Table 2 . Based on mean values, seven out of the 12 AED found in this study were prescribed at dosages within 80%-120% of their respective DDD, namely CBZ, phenytoin (PHT), LTG, levetiracetam (LEV), TPM, VPA, and VGB. Considering that LEV and VGB were prescribed to less than five patients each, their data should be analyzed with caution. Clobazam, clonazepam (CNZ), phenobarbital (PB), oxcarbazepine (OXC), and GBP were not prescribed within the 80-120% interval of their DDD (84% above, 62.2% below, 60.5% above, 102.5% above, and 33.4% below their corresponding DDD, respectively). Furthermore, analysis of the results with OXC and 
Antiepileptic drug therapies
A total of 12 AED were identified as being currently administered in our patient population. The mean±SD number of AED used per patient was 2.6±0.7 (Table 1) , ranging from one to four AED.
The majority of patients (68 out of 112) were on polytherapy with three or more AED (Figure 2 ). Among these patients, only 6 patients were prescribed a combination of four AED. Carbamazepine (CBZ) was the AED most commonly found in monotherapy, although not in significant number of patients if considering the entire population (6/112); the other two monotherapies used were LTG and valproic acid (VPA).
Both CBZ and clobazam (CLB) were prescribed to more than 50% of the patients (72.3% and 58.9%, respectively). Following these medications, LTG and TPM were also prescribed to a large proportion of patients (36.6% and 29.4%, respectively). Second-generation AED were almost exclusively found in polytherapies (except for one patient using LTG in monotherapy). As expected, at least one firstgeneration AED was found in 103 out of the 104 polytherapies prescribed, while at least one second-generation AED was prescribed to 70.5% of the patients. Figure 3 GBP treatment should take into account that both the drugs were prescribed to only a small number of patients. The restricted number of patients in monotherapy does not allow us to make robust comparisons between the dosages of the AED when used alone or in combination. The AED load was calculated for each patient as the sum of the PDD/DDD ratios for each AED in the treatment regimen. The mean AED load found in our population was 3.3 (range 0.4-7.7). The higher the number of AED prescribed, the higher the AED load, as identified by Spearman's correlation test (r=0.63; p<0.01).
Approximately 76% of all patients did not spontaneously report the occurrence of any adverse effect, based on an analysis of the medical records. Although the mean AED load in patients with adverse effects did not differ significan tly between the patients without adverse effects (p=0.79) and the 27 patients with adverse effects, 17 patients were ta king polytherapies with three AED. Dizziness was the most common complaint (37%), followed by somnolence (22.2%).
Concomitant use of non-AED medications
Concomitant non-AED were taken by a total of 41 (36.6%) patients. Central nervous system (CNS)-related medications were the most commonly found drugs associated with AED; at least one of these agents was taken by 28 of the 41 patients. The most frequently co-prescribed non-AED were, in decreasing order, antidepressants (particularly fluoxetine, sertraline, and amitriptyline), food/mineral supplements (primarily folic acid, used by women), and anxiolytics/hypnotics (particularly diazepam) at the same rank position as antipsychotics (primarily haloperidol).
DISCUSSION
A tertiary referral center for epilepsy treatment is expected to have a high incidence of cases diagnosed as localizationrelated epilepsy, primarily due to hippocampal sclerosis, an etiology commonly regarded as a difficult-to-treat condition
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. This clinical characteristic most likely played an important role on the drug utilization profile observed in our population.
In a decreasing order, CBZ, CLB, LTG, and TPM were the most commonly prescribed AED found in the present study, which reasonably agrees with important international gui delines that highlight the efficacy and effectiveness of all available 13 or only new AED 14 for treating partial onset seizures, the most prevalent seizure type in adults 15 . Carbamazepine and PHT are considered by ILAE to have the highest evidence level for use in treating refractory epilepsy as initial monotherapy. Carbamazepine was in fact the most commonly prescribed AED in our population (72.3%), not only corroborating its therapeutic indication but also in line with the fact that its low cost represents economic advantages when compared to other old, and the new AED. Cost consciousness in health care is a relevant aspect, not only for public health interests but also from the patient's perspective, particularly in developing countries 16 . Although PHT is established as a low-cost effective drug for partial seizures, it has some peculiarities that limit its broad use in clinical context, as observed in the present population. First, PHT has a difficult-to-manage pharmacokinetic profile characterized by variable absorption, high plasma protein binding, and saturable metabolism. Second, this AED exerts important deleterious effects on cognitive functions such as memory, concentration,and mental and motor speed, which, in addition to cosmetic side effects, namely, hirsutism, gengival hyperplasia, and acne, limit its prescription 17 . The high frequency of CLB prescriptions in our context (58.9% of all patients), on the other hand, does not follow any international trend. According to Landmark and colleagues
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, CLB was prescribed to 14% of their evaluated adult population, similarly to an Italian study (18%) 19 . Clobazam was not approved as an AED in the United States by the time the present study was conducted 20 . Nonetheless, for a long time, CLB has been proved to be effective as adjunctive the rapy in refractory epilepsy, particularly with predominant partial seizures 21 . In addition, CLB is generally well tolerated and is not a very expensive medication, which favors its prescription as an add-on treatment.
The two other AED importantly found in our study were LTG and TPM. French and colleagues 14 concluded that all new AED are adequate for use as adjunctive therapy in adults with refractory partial epilepsy. Indeed, there is an international tendency toward increasing prescription of new AED 22 , sometimes even overcoming the number of prescriptions of old AED
. In our study, second-generation AED were found at least once in 70.5% of all prescriptions. Topiramate and LTG, similar to most new AED, have a broad efficacy spectrum and favorable pharmacokinetic profile, valuable cha ra cte ristics particularly when considering co-prescriptions 14 .
It is noteworthy that beside the vast pharmacological arsenal available to treat epilepsy and the support offered for the continuous development of additional treatment options for difficult-to-treat cases 23 , only a limited number of drugs are used in our country, particularly when compared with developed countries such as Norway The frequent presence of LEV in international studies and the less important but ever present contributions of drugs such as pregabalin (PGB), tiagabine (TGB), zonisamide (ZNS), and OXC raise the issue of limited access to these drugs due to nation-specific aspects such as availability and cost 24 . Of these four drugs, only OXC was approved for commercial use in the public health care system of Brazil at the time of data collection, although it was not available free of cost.
In general it has been acknowledged that new AED are equivalent to old agents in terms of efficacy; however, their favorable pharmacokinetic profile is an essential characteristic if we consider that these drugs are initially approved as polytherapies 14 . A second-generation AED constituted an important part of the most prevalent polytherapy in the pre sent study (CBZ + CLB + LTG). The rational behind this association may be questioned by some authors because of the similar mechanisms of action of the agents involved; however, the existing national protocol regulating the utilization of new AED (VGB, TPM, LTG, GBP) in cases of refractory epilepsy treated in the Brazilian public health care system claims that only patients who have not clinically answered to the use of at least two monotherapies and one polytherapy can benefit from free access to these AED
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. The easier access and the synergism of the combination of CBZ + CLB to treat the prevalent cases of localization-related epilepsy concurred with the protocol requirement for future combinations with a new AED (in case these two agents alone could not achieve seizure control ). Thus, only specific cases will use a combination of one new and one old AED in the context of public health system in Brazil.
The high prevalence of complex polytherapies, though expected, is a recurrent point of concern in the literature. Contradictory to the findings of Malerba and colleagues 19 , not more than four AED were simultaneously prescribed to any of our patients. It should be noted that, as pointed out by Landmark and colleagues 18 in their study, the total number of polytherapies may be overestimated due to therapy ad justments; sometime two drugs are simultaneously administered, while one is being titrated and the other is still in the process of withdrawal. Even on this convergent scenario of high prevalence of polytherapies among different studies, it is important to consider that there are no evidences that polytherapies are better than monotherapies in achieving seizure control, based on randomized controlled trials 25 . The occurrence of adverse effects was spontaneously reported only by 24.1% of our cohort, which partially conflicts with the high prevalence of complex polytherapies and their high mean AED load (3.3; range 0.4-7.7). Such situations are frequently associated with the potential occurrence of pharmacological interactions reflected as signs of adverse effects and/or therapeutic inefficacy and the possible increase in seizure frequency and/or severity as a consequence of overtreatment 26, 27 . The relatively low percentage of patients reporting the occurrence of adverse events may be justified by the method of evaluation adopted in the present study. This type of search may underestimate the adverse event of AED compared to investigations based on structured questionnaires 27 . Although not specific and exclusive to benzodiazepines, the high prevalence of dizziness and somnolence as adverse effects may be related to the frequent use of these therapeutic agents. Importantly, we found that clobazam was being used in our population at a mean PDD 84% above its DDD.
With respect to the use of non-antiepileptic medications, the high prevalence of the use of CNS-related drugs corroborates the findings in Norwegian and Italian patients 18, 19 and the high incidence of psychiatric comorbidities in patients with epilepsy described elsewhere 28 . This scenario usually requires special medical care, since most of the AED can influence the occurrence/aggravation of psychiatric symptoms; in addition, some psychotropic drugs can potentially deteriorate seizure control due to interactions with AED and/or due to their potential epileptogenic effect 29 .
A relevant consideration refers to the lack of difference in AED utilization profile between men and women. Although the AED load was significantly different (p=0.01) between men (3.8±1.4) and women (3.0±1.6), the total number of AED was virtually the same in both genders, such that the frequencies of utilization of specific medications were independent of use as monotherapy or polytherapy (data not shown). Considering that 67.2% of our female population was of reproductive age (up to 44 years), the absence of these differences might at first raise a question if we are treating women the same way we treat men. According to Landmark and colleagues 18 and Malerba and colleagues
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, it would be expected that more women than men would use second-generation AED, since these drugs have a low teratogenic potential and risk of interaction with oral contraceptives. To the contrary, the only difference found in our cohort was a higher trend of use of lamotrigine in men compared to women (47.9% vs. 28.1%, p=0.03), which highlights that the main concern in our center is the pursuit of seizure control considering our national limitations.
The discussion around the pharmacological treatment profile in epilepsy is an important point of concern for different research groups in different clinical and sociodemographic contexts 18, 19, 22, 30 . To the best of our knowledge, howe ver, there are no Brazilian studies aimed at evaluating the adult population with refractory epilepsy in such a broad clinical approach. It is important to highlight that the current study, although useful, does not represent the adult population with epilepsy as a whole, since the selected sample is composed of drug-resistant cases, a portion known to be around one-third of all patients with epilepsy 1 , and these patients, beside belonging to the wealthiest region of the country, are considered to be a low-income population by the Brazilian public health care system. Thus these patients have restricted access to new AED, driven by political and economic barriers.
In conclusion, our survey provides previously unpubli shed information on the prescription of AED for adult patients with refractory epilepsy in Brazil. The pattern of use of individual drugs, although consistent with current treatment guidelines, is strongly influenced by our public health care system.
